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In  t h i s  t hes í s  t he  ques t i on  i s  r a i sed  i f  mo rphogenes i s  and  ce l1  d i f f e ren -
t iat ion dur ing ear ly seedl ing development of  a h igher p lant  are accompanied
by corresponding changes in gene expression.  In chapter I  a br ief  int roduc-
t ion is  g iven in the current ly  favoured ideas about the molecular  basis of
cel1 d i f ferent iat ion and morphogenesis dur ing development of  eukaryot ic  orga-
n i ams .  The  emphas i s  has  been  p l aced  on  t he  se lec t i ve  exp ress ion  o f  genes  as
an important  determinant in development,  but  th is does not  mean that  i t
ehould be considered to be the only mechanism operat ive in development.  Com-
ponen ts  o f  ep igene t i c  r egu la to r y  sys tems  (e .g .  p l an t  g row th  ho rmones r  g ra -
dients of  ions,  sel f -assembly of  cel1 cornponents)  may be of  equal  imporËance
or rnay even s ingular ly  contro l  cer ta in aspects of  development.  I t  seems no\ . {
wel l  establ ished howeverr  that  the expression of  the nuclear genome into
nRNAs is an important  and perhaps the only means of  couununicat ion between the
stored heredi tary inforrnat ion of  a cel1 and the surrounding cytoplasm, where
the expression of  the genome into funct ional  components is  executed.
To  de tec t  genes ,  se l ec t i ve l y  exp ressed  du r i ng  deve lopmen t  o f  p l anE  seed -
l ings,  i t  was necessary to obtain an exper imental  system ín which the forma-
t i on  o f  a l r eady  d i f f e ren t i a t ed  buË  no t  ye t  f unc t i ona l  p l an t  o rgans  cou ld  be
s tud ied  w i t h  r espec t  t o  t he  genes  t ha t  a re  spec i f i ca l l y  t r ansc r i bed  i n t o  r nRNA
in these organs in the absence of  environmental  factors such as l ight .  The
pea plant  was chosen as an exper imental  system because the seeds contain
enough stored reserve food to sustain gro\ . t th for  a considerable t ime in the
absence  o f  an  ac t i ve  pho tosyn the t i c  sys tem and  i n  add i t i on ,  can  be  eas i l y
cu l t u red  i n  l a rge  quan t i t i e s  unde r  asep t i ca l  cond i t i ons .  The  l a t t e r  was  con -
sidered to be an important  prerequis i te to study nRNA populat ions in p lant
sys tems ,  s i nce  espec ia l l y  p l an t  r oo t s  a re  ve ry  susceP t i b l e  t o  con tam ina t i on
with micro-organisms ( the rh izosphere is  normal ly  packed r{ t i th bacter ia and
fung i ) .
Ihe f i rs t  exper imental  approach we used was a high-resolut ion two-dimen-
s i ona l  sepa ra t i on  o f  bo th  i n  v i vo  syn thes i zed  po l ypep t i des  and  po l ypep t i des
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syn thes i zed  as  d i r ec ted  by  t he  i n  v i t r o  t r ans la t i on  o f  i so l a ted  nRNA (Chap te r
ï I ) .  Seve ra l  pa r t s  o f  t he  deve lop ing  seed l i ng  ( r oo t s ,  r oo t  me r i s t em,  r oo t
cen t ra l  c y l i nde r ,  r oo t  co r t ex ,  shoo t  ax i s ,  p l umu le  and  co t y l edons )  we re  com-
pared wi th respect  to the mRNAs and proteins they synÈhesize.  I t  became eví-
dent  that  the large major i ty  of  both in v ivo and in v i t ro synthesized poly-
pep t i des  v i sua l i zed  t h i s  way  we re  p resen t  i n  a l l  seed l i ng  pa r t s  s t ud ied ,  Th i s
resu lÈ  was  remarkab le  s i nce  i t  showed  t ha t  mo rpho log i ca l l y  qu i t e  d í s t i nc t
p lant  perts are near ident ical  when analyzed for  the abundant mRNAs and pro-
te ins they synthesize.  ïh is was cerEainly not  in accordance wi th the idea
that  d i f ferent  cel l  types and organs are character ízed by a vast  array of
spec i f i ca l l y  exp ressed  genes .  Apa r t  f r om  quan t i t a t i ve  d i f f e rences  o f  ce r t a i n
po l ypep t i des  be tween  d i f f e ren t  seed l i ng  pa r t s ,  t he  on l y  d i f f e rences  t ha t
could be observed were some f i f teen mRNAs speci f ical ly  present in shoots but
not  in roots or  coty ledons,  i r respect ive of  i l luminat ion.  The most prominent
" shoo t - spec i f i c "  mRNAs  encoded  s i x  c l ose l y  g rouped  i n  v i t r o  t r ans la t i on  p ro -
d u c t s .
To  i nves t i gaEe  Ehe  e f f ec t  o f  t he  t r ans iÈ ion  o f  a l r eady  d i f f e ren t i a t ed  bu t
no t  ye t  f unc t i ona l  p l an t  o rgans  t o  t he i r  f unc t i ona l  s t a tus  we  a l so  s tud ied
the nRNA populat ions synthesized by i l luminated seedl ings.  Some t \ tenty- f ive
partly very abundant rnRNAs were found that lrere not detectable in dark-grown
seed l i ngs .  I n  add i t i on ,  í t  was  shown  t ha t  i l l um ina t i on  w i t h  r ed  l i gh t  r esu l -
ted in the appearance of  at  least  ten of  these l ight- inducib le mRNAs, sugges-
t ive of  phytochrome contro l .
Since only abundant mRNAs could be v isual ized by in v iËro t ranstat ion and
two-dimensional  separat ion of  the products,  the possib i l i ty  remained that  a
class of  organ-speci f ic  mRNAs could be found among the mRNAs present in con-
siderably lower concentrat ion (rare sequences) that  account for  the major i ty
of  the nRNA sequnce divers i ty  in eukaryot ic  cel ls .  Therefore we compared com-
plexi t ies of  polysomal roRNAs present in root .s and shoots of  4 d seedl ings em-
ploying l iquid hybr id izat ion of  polysomal RNA wi th s ingle copy DNA enr iched
for  sequences t ranscr ibed into nRNA (rnDNA) and wi th s ingle copy DNA depleted
of  such sequences (nu1l  nDNA).  The resul ts of  Ehese exper iments show that  no
signi f icant  c lass of  organ-speci f ic  rare mRNAs is present among the approxi-
ma te l y  20 ,000  d i f f e ren t  mRNAs  syn thes i zed  i n  bo th  r oo t s  and  shoo t s  (Chap te r
I I I ) .  However,  due to the method used regulat ion involv ing less then about
1,500 di f ferent  mRNAs could not  be detected.  In addi t ion i t  was shown that
i l luninat ion of  seedl ings did not  resul t  in s igni f icant  changes in the com-
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complementary DNA/polysoÍnal  poly(A)RNA hybr id izat ions showed that  a number of
abundant mRNA sequences becomes apparent  upon i l luminat ion that  Í rere not  pre-
sen t  i n  da rk -g rown  t i s sue ,  con f i rm ing  t he  resu l t s  ob te i ned  w i t h  i n  v i t r o
t r a n s l a t i o n s .
The  reassoc ia t i on  k i ne t i c s  o f  t o t a l  pea  DNA and  t he  i so l a t i on  o f  s i ng le
copy DNA tracers used in the hybr id izat íon studies is  descr ibed in Chapter
IV.  I t  r {as shown that  the calculaÈion method as commonly appl ied in measure-
ments of  the tota l  number of  genes expressed into lnRNA (determinat ion of  the
sequence complexi ty of  a rnRNA populat ion) should be modi f ied when deal ing
r^r i th p lant  genomes that  contain very large amounts of  int r icately inter-
spe rsed  repe t i t i ve  DNA as  i s  t he  case  i n  pea .  These  ca l cu l a t i ons  shou ld  be
based  on  t he  f r ac t i on  o f  s i ng le  copy  DNA ac tua l l y  i so l a ted  ra the r  t hen  t he
to ta l  f r ac t i on  o f  DNA \ , r i t h  s i ng le  copy  rena tu ra t i on  cha rac te r i s t i c s  p resen t ,
s ince the lat ter  leads to gross overest imates of  the number of  genes expres-
s e d .
Íhe molecular  c loning of  complementary DNA molecules corresponding to the
shoo t - spec i f i c  mRNAs  f ound  i n  pea  i s  desc r i bed  i n  Chap te r  V .  S ince  t hese
mRNAs, a l though belonging to the abundant c lass of  mRNAs, \ , rere present in
relat ively smal l  amounts in shoots we employed a complementary DNA enr ichment
p rocedu re  be fo re  c l on ing .  I n  t h i s  p rocedu re  we  used  he te ro l ogous  hyb r i d i za -
Èion of  complementary DNA made on shoot mRNA with mercurated root  mRNA. The
complementary DNA sequencês corresponding to mRNAs present in both roots and
shoots could then be rernoved by select ive binding on th io l -Sepharose columns.
This resul ted in a complementary DNA populat ion highly enr iched for  the
shoo t - spec i f i c  mRNAs .  C lones  con ta i n i ng  sequences  co r respond ing  t o  t he  shoo t -
spec i f i c  mRNAs  cou ld  t hen  be  se lec ted  qu i t e  eas i l y  by  d i f f e ren t i a l  co l ony
hyb r i d i za t i on  sc reen ing  and  we re  i den t i f i ed  by  i n  v i t r o  t r ans la t i on  o f  hyb r i -
d izat ion selected mRNAs fo l lowed by two-dimensional  separat ion of  the
p roduc t s .  Th i s  y i e l ded  t he  same  pa t t e rn  o f  c l ose l y  g rouped  spo t s  o f  M r  27 ,500
and iso-electr ic  point  of  5 that  was also observable in two-dimensional  pat-
terns of  tota l  in v i t ro t ranslated RNA from shoots.  Apparent ly  the c loned
sequence  se lec ted  s l i gh t l y  d i f f e ren t  bu t  r e l a ted  mRNAs  f r om the  t o ta l  popu la -
t ion,  indicat ing the occurence of  microheterogeni ty of  these mRNAs. In addi-
t ion,  c lones r^rere obtained that  corresponded to the najor  l ight- induced and
nuclear-encoded nRNAs, the smal1 subuni t  of  the r ibulose 1r5 biphosphate car-
boxylase (ssRuBPCase) and a compoÍreÍr t  of  the l ight-harvest ing chlorophyl l  a/b
complex (LHCP) that  r rere ident i f ied by immunoprecip i tat ion.
In Chapter VI  exper imeÍr ts are descr ibed aimed to learn more about the
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r egu la t i on  and  i den t i t y  o f  t he  shoo t - spec i f i c  sequence .  The  resu l t s  o f  No r -
thern blot t ings of  RNA extracted f rom var ious organs of  young pea seedl ings
and  adu l t  p l an t s  g rown  unde r  d i f f e ren t  l i gh t  cond i t i ons  revea led  t ha t :
( t )  t t r e  l eve1  o f  r he  shoo t - spec i f i c  nRNA dec reases  s l i gh t l y  upon  i l l um ina t i on
with whi te l ight ,  whereas the level  of  both ssRuBPCase and LHCP nRNA is
great ly  increased, (2)  the shoot-speci f ic  mRNA is found predominant ly in stem
t i ssue  and  no t  i n  ( i nc i p i en t )  l eaves ,  ( 3 )  t he  l eve l  o f  t he  shoo t - spec i f i c
mRNA i s  s l i gh t l y  i nc reased  upon  red  l i gh t  i l l um ina t i on ,  sugges t i ve  o f  phy to -
chrome contro l ,  (4)  the presence of  the shoot-speci f ic  mRNA is not  an inte-
g ra l  p rope r t y  o f  shoo t  t i s sue  s i nce  t he  mRNA i s  f i r s t  de tec ted  2  days  a f t e r
the star t  of  germinat ion concomit tant  vt i th the beginning of  shoot develop-
ment,  (5)  the shoot-speci f ic  sequence is only found in pea and not  in other
l egumes  o r  ce rea l s  and  (6 )  i o  con t ras t  t o  t he  marked  o rgan  ( shoo t ) - spec i f i c
character  of  the shoot-speci f ic  mRNA, both ssRuBPCase and LHCP mRNAs could be
de tec ted  i n  va r i ab le  amoun ts  i n  t i s sues  ( r oo t s  and  co t y l edons )  t ha t  do  noË
normal ly carry out  photosynthesis in pea.  Taken together,  i t  was concluded
that  the shoot-speci f ic  mRNA does not  code for  a Part  of  the photosynthet ic
sys tem a l r eady  p resen t  i n  e t i op l as t s .
Determínat ion of  the nucleoËide sequence of  the shoot-speci f ic  mRNA showed
that  i t  has some propert ies that  are also found among certa in p lant  seed pro-
t e i ns ,  e .g .  t he  p resence  o f  h i gh l y  conse rved  i n t r agen i c  r epea t s ,  poss ib l e
N-g l ycosy la t i on  s i t es  and  a  poss ib l e  hyd rophob i c  s i gna l  pep t i de .  Howeve r ,
s ince i t  seems hard to correlate the marked stem-sPeci f ic  expression of  the
gene encoding the shoot-speci f ic  polypept ide wi th "1eaky l ranscr ipt ion regu-
l a t i on "  o f  a  h i t he r t o  undesc r i bed  pea  seed  p ro te i n  i t  i s  pos tu l aËed  t ha t  t he
shooË-speci f ic  mRNA codes for  a polypept ide that  has some (unknown) funct ion
in growth of  stem t issue in both young seedl ings and adul t  p lants.  No evi-
dence was obtained that  the surroundings of  the gene encoding the shoot-spe-
c i f i c  po l ypep t i de  we re  a l t e red  du r i ng  exp ress ion .
In conclusion,  several  observat ions have been made in th is thesis that  are
relevant  to the quest ion which ro le select ive expression of  genes plays in
the development of  h igher p lants.  one of  Èhe surpr is ing f indings vtas that  in
pea  no t  on l y  mo rpho log i ca l l y  ve r y  d i f f e renË  o rgans  (e .g .  r oo t s ,  shoo t s  and
coty ledons) contain very s imi lar  populat ions of  both abundant and rare mRNAs
but that  a lso di f ferent iated t issues contain a lmost  the same abundant mRNAs
as  t he  mer i s t em f r om wh i ch  t hey  o r i g i na te  ( e .g .  co r t ex ,  cen t ra l  c y l i nde r  and
mer i s t em i n  r oo t s ) .  Th i s  may  be  a  r e f l ec t i on  o f  t he  obse rved  t o t iPo tency  t ha t
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Èance of  epigenet ic regulatory mechanisms not  involv ing the expression of  the
nuclear genome to a large exEent in development.  Apart  f rom the work presen-
ced in th is thesis,  only in tobacco a s imi lar  iovest igat ion of  mRNA popula-
t i ons  p resen t  i n  d i f f e ren t  ( adu1 t )  p l an t  o rgans  has  been  conduc ted  ( see  Chap -
te r  I I I  f o r  r e fe rences ) .  I n  t ha t  s t udy  i t  was  shown  t ha t  a  cons ide rab le  pa r t
(about 70%) of  the whole mRNA sequence divers i ty  was regulated in a organ-
spec i f i c  pa t t e rn .  I he re fo re  i t  does  no t  seem app rop r i a te  t o  specu la te  abou t
Èhe absence of  s igni f icant  regulat ion of  rare nRNA sequences dur ing plant  de-
velopment in general  and i t  would now be of  great  interest  to inc lude more
plant  species in th is type of  exper iments.  However,  i t  ís  now becoming in-
creasingly c lear that  ce11 di f ferent iat ion and morphogenesis may take p1-ace
without  the act iv i ty  of  large numbers of  select ively expressed genes,  This
has been amply demonstrated by for  instance recent  resul ts f rom th is labora-
tory where i t  was shown Ëhat the development of  f ru i t -body in i t ia ls of  the
fungus SchizophylLum eotwtane involves only the expression of a very linited
number of  genes coding for  (unident i f ied)  abundant polypept ides.  In addiÈion,
a l t hough  no t  d i r ec t l y  appL i cab le  t o  t he  sys tem desc r í bed  i n  t h i s  t hes i s ,  i t  i s
o f  í nÈe res t  t o  men t i on  t he  recen t  d i scove ry  o f  ce l l u l a r  oncogenes ,  t he  ac t i -
v i ty  of  which is  associated wi th the development of  tumor cel ls .  In some
cases the norrnal  ce11 div is ion contro l  mechanism seems to be completely d is-
rupted by the intracel lu lar  ra ise of  the level  of  a s ingle,  otherwise normal-
l y  f unc t i on i ng ,  p ro te i n .
Alrhough we did not  f ind evidence for  the existence of  genes that  may de-
termine the format ion of  a g iven plant  organ or  cel l  type in th is organ,  the
a t t r ac t i ve  bu t  specu la t i ve  poss ib i l i t y  r e rna ins  t ha t  t he  shooÈ-spec i f i c  po l y -
pept ide descr ibed in th is thesis is  involved in some (unknown) way in gro\^r th
of  pea stem t issue.  I t  would now be of  great  importance to learn more about
t he  encoded  p ro te i n  and  i t s  l oca l i za t i on  i n  t he  d i f f e ren t  s t em t i s sues  as
wel l  as i ts  subcel lu lar  local izat íon,  Answers to these quest ions must however
awa i t  t he  ava i l ab i l i t y  o f  spec i f i c  an t i bod ies  t o  t he  shoo t - spec i f i c  po l ypep -
t í de .  I n  add i t i on ,  i t  wou ld  be  o f  i n t e res t  t o  compare  t he  l eve l  o f  r egu la t i on
\{ i th that  of  other pea genes and to look for  possib le regulatory regions in
the DNA surrounding the gene and compare these to s imi lar  regions of  other
(e .g .  l i gh t - i nduc ib l e )  pea  genes .
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